Summary. Chemical, paleontological, and mineralogical analyses of a 7.5-meter core from the middle of Lake Valencia, Venezuela, have provided information on the paleoclimatic history of this low-elevation, low-latitude site for the last 13,000 years. The data show that dry climates existed in this region from 13,000 years before present (B.P.) until about 10,000 years B.P. The Lake Valencia Basin was occupied by intermittent saline marshes at that time. About 10,000 years B.P., a permanent lake of fluctuating salinity formed and arboreal plant communities replaced the earlier dominant xeric herbaceous vegetation and marsh plants. By 8500 years B.P., Lake Valencia reached moderate to low salinities and discharged water; the modern vegetation became established at that time. After 8500 years B.P., the lake twice ceased discharging as a result of reduced watershed moisture. The second of these drying episodes is still in progress and has been aggravated by human activities in the watershed.
associated with archeological remains and from sediment chemistry (6, 7) . Lake Valencia has an extensive sediment record that may date to the midTertiary. Seismic investigations in the upper 80 to 100 m of lake sediments indicate at least three stratigraphic units and also suggest that Holocene faulting may have affected shorelines to some extent (8) .
The steep elevational gradient of the surrounding mountains places a number of vegetational zones in close proximity to the lake. These zories range from savanna and deciduous associations near the lake through semideciduous and evergreen forests on mountain slopes and cloud forest on the northern peaks (Fig.  2) . The vegetation at lower elevations is able from the tcrrestrial environment, ters, an area of 350 square kilometers, modified by extensive human disturalthough geomorphic and palynological and a maximum depth of 40 m. The lake bance. The Valencia region is of interest studies have provided tentative evidence is presently endorheic (nondischarging), as a possible Pleistocene ref~~gium for of pre-Holocene dry climates in the with a spill point at 427 m. mesophytic taxa (9). The paleoecological equatorial zone of South America (2) . Lake Valencia has been endorheic and data from the Valencia Basin are imporWe report here the results of an investisteadily desiccating for more than 200 tant in verifying whether mesic condigation of the Quaternary sediments from This article is a U.S. government work, and is not subject to copyright in the United States. tions actually persisted during periods of predicted aridity elsewhere.
Our interpretation of the paleoclimatic history of the Lake Valencia Basin is based on analyses of organic and inorganic sediments, diatoms. ostracods and other microfauna, algal remains, and pollen obtained from several lake sediment cores. A deepwater core from near the center of the lake in 37 m of water (Fig.  I ) serves as the primary record for our paleolimnological and paleoclimatic interpretation.
5ence of arboreal taxa is not due to differential degradation, as pollen pre5er-vation is reasonably good. Pollen influx varies between high and very low (Fig.  5) .
The dominance of Altc~rnuntl~c.rrt (probably A . polygonoidc.s, a mar5h species of the Venezuelan llanos) in a55ocia-tion with pollen from other semiaquatic plants such as Polygonaceae, Ludwigiu, and Typhrt suggests that marshlike conditions existed in the Lake Valencia Basin during this stage. The lack of diatoms, ostracods, and other aquatic microfossils and the low concentrations of organic matter and chlorophyll deriva- 
Interpretation of the Core
The core is composed of moderately organic lake muds with variable amounts of carbonate and silicate minerals (Figs. 3 through 6). The basal 2.5 m of the core consist of calcareous and gypsiferous kaolinite and illite. At a core depth of 5.0 m, there is a distinctive dolomite-rich layer. Above this layer the sediments become more organic (Fig. 4 ) and are dominated either by carbonates (calcite and aragonite) or by clastic minerals such as quartz, plagioclase, illite, and kaolinite. Discrete laminae of aragonite are present between 4.9 and 3.6 m.
Nine radiocarbon dates establish the depositional chronology of the core (Fig.  3) , which begins 12,930 years ago and extends to the present. Three radiocarbon dates between 4.6 and 4.9 m have overlapping ages. For determining influx rates, the date of 10,200 years B.P. at 4.7 m will be used. The most dramatic lithologic change, from clays below 5 m to organic marls and silts above this depth, occurred about 10,500 years ago.
The multidisciplinary paleoenvironmental analyses of the core are presented as stratigraphic profiles in Figs. 4 through 12. The core can be divided into three generalized zones based on the presence or abundance, or both, of characteristic fossils and lithologies.
Zone 1 (7.28 to 5.08 m; 12,930 to 10,500 years B.P.) extends from the base of the core in clayey sediments to the beginning of organic-rich sediments (Figs. 3, 4, and 5). This zone is characterized (i) by the absence of diatoms, ostracods, and cladocerans (Figs. 7, 9, and 10); (ii) by the presence of Pc>dias-trum horyrtnum (Fig. 8) ; (iii) by the dominance of Altc.rnrtntl~c.ra, Cyperaceae, and Gramineae pollen ( The ecology of Pediastrum boryanum is not well documented, but this species is evidently tolerant of widely fluctuating environmental conditions and its habitats range fiom ephemeral ponds to more stable lacustrine systems (10) . Its presence in this zone suggests that there was standing water at least ii-om time to time. The abundance of aragonite, gypsum, and dolomite in these clayey sediments (Fig. 6 ) implies that the marsh was saline at times.
An open xeric herbaceous vegetation is suggested by the maximum influx values of Gramineae pollen (Fig. 1 l) , but the small amount of arboreal pollen (Spondias and Bursera) a t a depth of 6.4 m (tig. 12) may indicate a minor increase in moisture in what otherwise was an arid climatic period between 12,900 and 10,000 years B.1' . (2, 11) .
Zone 2 (5.08 to 3.50 m; 10,500 to 8,700 years U.P.) is characterized by an abundant representation of diatoms, ostracods, and other aquatic microfossils, a distinctive lithology of evaporite minerals rich in organic matter and chlorophyll derivatives, and a xeric, herbaceous pollen assemblage that includes a significant representation of arboreal taxa. The diversity of microi'ossils and the distinctive sedimentology of this zone permit a more detailed paleolimnological and paleoclimatic interpretation than is possible for zone 1.
The dolomite-and aragonite-rich sediments in the lower part of this zone (5.08 to 4.85 m) (Fig. 6 ) contain high concentrations of organic matter, chlorophy 11 a , and fungi. The saline-water ostracod Hetrroc,ypris c'ommunis dominates initially and is joined by planktonic diatoms characteristic of inland saline lakes, particularly Chuetoc,rms sp. and Cyc,lotella striata (Fig. 7) . Pollen influx is low at this time and consists mostly of littoral herbaceous plants and Rlrpyiu, an aquatic macrophyte characteristic of saline environments.
The microfossil assemblage and sediment characteristics define an initial shallow and productive saline, lacustrine environment. The brief dominance of Nitzsrhia amphibiu, a diatom of eutrophic, freshwater environments, and fluctuating percentages of Botryococ.ru.s and Prdiusrrum boryanum (Fig. 8 ) apparently reflect variable salinity and nutrient conditions during this early lacustrine phase.
Above 4.85 In the sediment contains fine laminations of aragonite, and C'yrlotella striclta dominates the diatom flora. The ostracod Hetrroc.ypris c~omtnunis is replaced by Cypria ohtusa, a tolerant swimming ostracod associated with littoral aquatic vegetation. Typhr~, Compositae, and Gramineae pollen characterize the nearshore plant community (Fig. 1 I) , and arboreal taxa become more abundant in the upper part of the zone.
The aragonite laminae suggest that stratification was maintained for periods sufficient to exclude burrowing organisms that can destroy such delicate sedimentary structures. Extended seasonal stratification is presently characteristic ofthe lake and leads to an anoxic benthic environment that excludes burrowers (12); a similar mechanism probably accounts fbr the undisturbed nature of the sediments in zone 2. Planktonic diatom assemblages from shallow-water cores indicate that the water was saline and was at least 20 m deep in the center of the basin shortly after 10,500 years B.P.
In modern lakes, aragonite precipitates at salinities greater than 10 parts per thousand in which the ratio of magnesium to calcium is greater than 12 (13) . Such salinities are consistent with the ecological information for the dominant diatom Cyrlotrlla striutu, which today occurs in lakes with salinities ranging from 5 to I6 parts per thousand (14) .
Arboreal pollen is dominated by early successional taxa in zone 2 (Fig. 12) . Bursera dominates initially and is followed by rapid steplike increases in Sporrdias, Moraceae, Cecropia, and T r~m u types. These data, coupled with the fi-equent presence of Ruparreu and Melastomataceae pollen, suggest a replacement of the earlier xeric grasslands by a chaparral (lower montane dry forest) followed by a gradual succession toward a semievergreen or deciduous forest. Vegetation associations at higher elevations probably were more mesic. Fluctuations in pollen influx appear to relate to different depositional processes within the lake and to dilution by aragonite, and not to changes in pollen productivity.
In summary, this zone represents the filling of Lake Valencia at the beginning of the Holocene. Initially the lake was sr~rrounded by a halophytic littoral plant association, and salinity was variable. Sparse grassland persisted in the rest of the watershed. The lake rapidly filled, reaching sufficient depth to have a seasonal thermal stratification, but re-mained saline. During this phase, an extensive littoral plant association developed as the watershed became forested. Zone 3 (3.50 to 0.0 m; 8700 to 0 years B.P.) is characterized by (i) a freshwater assemblage of littoral and planktonic diatoms, (ii) the appearance of the ostracod Cytheridella holdi in association with cladocerans and Chaohorus (Fig. lo) , (iii) large amounts of Peu'iastrum duplex, and (iv) a pollen assemblage dominated by Chenopodiaceae types (Cheno-Ams) (Fig. 111, grasses , and arboreal taxa, resembling the modern assemblages. The sediments consist of rather organic calcareous silts interrupted between 2.1 and 2.7 m by a layer rich in clastic minerals.
The diatoms and arthropods of zone 3 are all freshwater taxa (Fig. 7) . Mrlosira granlrlata is an opportunistically planktonic diatom of moderately eutrophic water with a pH generally between 7 and 9. Cyrlotella meneghiniana has 5imilar requirements but is generally more tolerant of higher salinities and nutrient concentrations, and Fragilaria ronstruens is a littoral diatom of broad ecological tolerances. The cladocerans Alotzu sp. and Leydigia acanthorrroides and the ostracod Cytheridella holdi (Fig\. 9 and 10) are muddy-bottom feeders. The relatively low abundances of arthropods and Typha (Fig. I I) \ugge\t deep water w~t h dimmished influences from the littoral zone, and the freshwater diatom assemblage indicates that Lake Valencia rose to its spill point and freshened as saline water was flushed fi-om the basin. 'The pollen assemblage dominated by ChenoAms may reflect fluctuating water levels and conditions unsuitable for thc development of a Typha marsh. 'She strongly fluctuating percentages of arboreal pollen taxa may suggest short-term climatic changes that could correlate with changes in the lake level.
At a core depth of 2.7 m, the sediment mineralogy indicates increased input of clastic sediments to the lake (Figs. 5 and 6) and increased amounts of dolomite and aragonite. These indicate a return to lower lake levels (7). Radiocarbon dates from two shallow-water stromatolite beds on the lake margin and below the spill point provide additional evidence about lake levels during this period. The stromatolite beds (at 418 and 421 m) are dated at 5480 t 300 and 7 130 1 300 years B.P., respectively, an indication that lower lake levels occurred within the period of increased clastic influx.
The cause of a return to lower lake levels and resulting clastic deposition is unclear. Pollen data reveal no major changes in vegetation or climate that might account for lower lake levels or for increased clastic input (Figs. I1 and 12) . Total pollen influx is reduced, presumably by dilution from elastics. Monolete spores and pollen of warm mesophytic plants fluctuate throughout this zone, perhaps in response to variable fluvial input to the lake. Seismic studies (8) indicate that Holocene tectonism occurred, and faulting may have affected depositional patterns in Lake Valencia, although bottom subsidence does not seem likely to account for persistent lower lake levels.
As the effect of increased clastic loading disappears (2.1-m depth), the dominant diatom flora consists of littoral species Fragilaria construens and Cocconeis ~~l a r e n t u l u (Fig. 7) , an indication of extensive but distant littoral environments resulting fiom higher lake levels. Increased deposition of calcium carbonate (Figs. 4 and 6) is consistent with this interpretation (7) .
The chronology for these climatic and hydrologic events can be approximated from the radiocarbon dates of the core. The initial trend toward fi-eshness and high lake levels seems to have climaxed by 8000 years B.P. or soon thereafter. Lower lake levels, increased erosion, clastic deposition, and higher salinities in the lake occurred by 7000 years B.P. and lasted until about 6000 years B.P. Afterward, the lake became progressively less saline, overflowing at least intermittently and perhaps continuously. The pollen assemblages of zone 3 are closely similar to the modern pollen input to Lake Valencia and imply the existence of plant associations and a climate generally similar to that of today.
Geochemical and diatom indicators suggest maximum freshness about 3000 t 500 years B.P. After this time, the indicators show a slow but definite trend to higher salinities, up to the present. There is a predominance of freshwater planktonic diatoms (Mclosiru granulutn and Cvclotc~lla rneneghiniana) and the planktonic arthropod Bosminu, along with high percentages of Tvpllu and Botryoc,oc~cu,r, and gradually increasing amounts of clastic minerals. The abundance of Mcdosira grcrnuluta and BOP rnirzn above 1.0 nl suggests increased limnetic nutrients and turbulence at this time; these trends are coincident with geoche~nical indicators of slowly increasing salinity (Fig. 4) . The high percentages of Typhn and benthic arthropods irnply increased midlake deposition from the littoral zone. Dramatic increases in the diatoms Cyclotc~llu meneglzininrzn and Nitzschia crmphihiu (Fig.  7 ) rnay indicate increased organic input to the lake, as both diatoms are characteristic of water with high concentrations of dissolved organic material. 'The ina matcreasing amount of clastic minerr 1 ter in the upper portion of the core may represent human disturbance of the watershed, although there is no pollen evidence that unambiguously confirms this. The large quantities of chlorophyll a in the upper levels of the core (Fig. 4) could reflect a lack of pigment destruction in these young sediments, but it is equally possible that they correlate with the diatom indicators of organic enrichment of Lake Valencia. The rapid and distinctive changes in the diatom flora, particularly of Nitzschin umphibiu, do not have midHolocene counterparts in deeper levels or the core and thus support the possibility that the most recent changes in Lake Valencia are the result o r human activities in its watershed. The contention that man's activities alone are causing the current desiccation of Lake Valencia are not as easily supported in view of the evidence of low lake levels at earlier times during the Holocene history of the lake.
Pollen influx gradually decreases throughout this zone (Fig. S) , but the percentages of arboreal taxa do not change appreciably. This finding suggests that, although the character of the surrounding vegetation was unchanged, perhaps its extent was diminished.
Correlation with Late Quaternary Events in Nearby Regions
'The stratigraphic record from Lake Valencia is important because it contains a continuous, well-dated, and well-documented paleoenvironmental history of a low-latitude, low-elevation site from the late Pleistocene to the present. Although well-dated continuous paleoclimatic records are rare at both high and low elevations in northern South and Central America, the Lake Valencia record can be usefully compared to the available paleoenvironmental data for this region.
The principal dificulty is the lack of adequate radiocarbon time control In most studies. Figure 13 is a tentative correlation of paleoenvironmental interpretations from the most relevant records (15) (16) (17) (18) (19) (20) .
The well-dated paleolimnological record from El Junco in the GalBpagos lslands (20) is similar in many respects to the Lake Valencia record (Fig. 13) and suggests that both sites may have experienced the same or similar climates, even though separated by the ocean and the high Andes.
'The two most important conclusions from the Lake Valencia study in the context of marine and high-elevation work are the coincidence of the lowelevation aridity with high-elevation glaciation and the correlation of rising sea levels with moist, low-elevation climate. The dry, marshlike conditions at 1,ake Valencia (from 13,000 to about 10,500 years B.P.) correlate with glacial conditions in the Venezuelan and Colombian Andes at elevations of approxi~nately 3000 m and with low sea levels and arid climates from the tropical regions of Colombia, Lake Maracaibo, Guyana, and Panama. 1,ogical currelations can also be made with the deep sea record in the Caribbean, which shows lower sea temperatures and arid continental environments (I, 21). 'The increased moisture in the Lake Valencia watershed, beginning about 10,500 years B. P., corresponds to the time of rising sea levels. Paleoenvironmental information of this type provides important constraints and historical baselines for climatic modeling (22) .
The Valencia Area as a Possible

Pleistocene Refugium
The Valencia area has been designated as a possible Pleistocene refugium on the basis of the speciation and distribution patterns of a number of diverse organisms (9). 'The existence of tropical refugia for ~nesophytic taxa during the Quaternary is generally accepted. 1-iowever, there has been little confirmation from geological or paleontological studies that appropriate conditions actually existed at the proposed locations.
Our data indicate that the Valencia Basin could not have been part of a refugium, at least during the late Pleistocene. The data conclusively show that the late Pleistocene ciimates of the Valencia Basin were dry. The possibility remains that a more mesic environment could have existed on the Caribbean side of the coastal mountains to the north of Lake Valencia. Such a refugium would have been restricted to a zone of atmospheric condensation similar to the cloud forest association now covering the peaks of these coastal mountains. It would have been much smaller than the originally postulated area and definitely would not have included the Valencia Basin.
Modern Desiccation of Lake Valencia
'There has been considerable discussion of the causes for the desiccation of Lake Valencia during the last 250 years (3, 4, 23) . The paleolimnological data show major fluctuations in the uppermost 10 centimeters of the core, particularly in the diatoms and the geochemical and mineral parameters. Of these, the abrupt decrease of Mrlosira grrrnrrlatn at a depth of 7 centimeters most likely reflects the onset of historic desiccation. By extrapolation, this change is dated at about 220 years and therefore tentatively coincides with the last recorded observation of overflow. 'l'he very rapid recent change can hardly be attributed to extrinsic climatic change, especially since no major climatic changes over the last 250 years are indicated by meteorological data (3). However, geochemical evidence suggests a shift toward higher lake salinities as long ago as 2800 years B.P. (7) . The evidence thus suggests that an extrinsic shift toward drier climate has afected the lake, but that the effect has been magnified over the last 250 years by human activity.
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Conclusions
The paleolimnological data from Lake Valencia support the hypothesis that lowland climates in the tropics were arid at the close of the Pleistocene. 'The Holocene was more humid, but with significant fluctuations in moisture up to the present. Our data add further support to the climatic theories for the tropics that point to the oceans and oceanic air masses as the controlling mechanisms regulating climates on the continental margins. The Valencia data discount the specific designation of the area around the lake as part of a late Pleistocene refugium but leave open the possibility that such refugia did exist on the Caribbean side of the coastal mountains.
